clinicians to assess pain in non-verbal patients (Hicks et al. 2001 ).
99
Recently, there has been interest in developing coding systems for grimacing in non-human 100 mammals. A Mouse Grimace Scale (MGS) was developed using the same method as used to 
125
Recently, a facial expression scale was developed for sheep with naturally-occurring pain due 
163
Testing was undertaken in an outdoor yard with concrete floors. On the day of testing, the 164 dams and lambs were brought in from the paddock as a flock and kept in a holding yard. One 165 lamb at a time was randomly selected for testing. The same experimenter picked the lambs up 7 and held them in a seated position for the duration of tail docking and subsequent observation.
167
All lambs were tested over one day.
169
Lambs were alternately allocated to one of two treatments: they were either tail-docked using 170 a rubber ring or sham-docked (control). The treatments were applied by the farm manager and 171 the lambs were restrained for the duration of observation. The rubber ring was applied using
172
an elastrator between two tail vertebrae at a point allowing sufficient tail proximal to the ring 173 to cover the anus (and vulva for female lambs 
239
Analysis was performed using SAS Version 9.2 (SAS Institute Inc., North Carolina, USA).
240
When one or two images (out of a possible four for a lamb in each period) were scored as
241
'don't know' (9) for a particular facial action unit, a value was imputed from an average of LGS score after 'don't know' scores were imputed was 2 and the minimum was 0.
248 10
Residuals were generated and tested for normality of distribution. The data were also tested 249 for homogeneity of variance between periods. If the assumptions for robust parametric 250 statistical methods were met, analyses were performed on raw data. If not, data were 251 transformed using Blom's normalized ranks before analysis.
253
LGS score was analyzed using a linear MIXED model to evaluate the effects of tail docking 
259
Kendall's Index of Concordance was used to measure reliability among observers. 
266
Nine 5 to 6 week old Romney cross lambs were used in this study ((4 female, 5 male) 267 different from those used in Experiment I). Prior to testing, the sheep were kept on pasture.
268
Testing was undertaken in a semi-covered outdoor yard with concrete floors. 
289
The experimenters filmed from outside the pens to minimize disturbance to the lambs. The
290
docking procedure was carried out in the same way as in Experiment I. After docking, the 291 lamb was put in a post-testing pen, adjacent to the pre-testing pen and of similar size. Lambs
292
were filmed in the same order in which they were docked, so that the time between docking 293 and filming was consistent for all lambs.
295
All videos were recorded from a front-on angle, providing a close-up of the lamb's face.
296
When lambs were freely behaving in the pens, the experimenter followed the lamb from 
301
For each of the nine lambs, three still images were extracted manually from each of the four 302 videos (PrP, PrH, PH, PP) to produce 12 images per lamb (total n = 108). Individual frames 303
were "grabbed" using screen capture and cropped using Preview (Apple Inc., California,
12
USA) so that the body and most of the background was no longer visible. 
320
In addition, each image file was also scored quantitatively by MG using the sticker markers
321
with ImageJ software (National Institutes of Health, http://rsbweb.nih.gov/ij/index.html).
322
Each image was first calibrated by drawing a line that was the length of the calibration sticker
323
and assigning the known horizontal length of 36 mm to the length of that line in pixels. This 324 allowed measurements taken across different images to be compared directly. Six facial 325 features were measured according to Table 2 . An example image is provided (Figure 1 ). In 326 some cases, the lamb was positioned in such a way that it was not possible to measure a 327 particular feature, for example ear angle when the lamb was leaning against a pen wall. In 328 these cases, a missing value was recorded. 
331
332
Data were tested for appropriateness of parametric analysis as described in Experiment I.
334
For images where a 'don't know' score was given, a value was imputed from an average of 335 the other images for that period. For each lamb in each period, the scores for each FAU for 336 the three images were averaged. Then scores for the five LGS action units were averaged to 337
give one LGS score per lamb per period. Cases where there was more than one image (out of 338 a possible three) scored as 'don't know' were treated as missing values.
340
LGS score and quantitative measures of the six facial features were each analyzed using a 
363
Observers were moderately consistent in their scoring of lamb faces overall, and agreement
364
among observers was not due to chance. Observers agreed to a greater degree when scoring
365
Orbital Tightening but were not very consistent when scoring Cheek Flattening (Table 3a) . 
377
Observer had a significant effect on LGS scores (F(4,32) = 21.81, P < 0.0001). Observer three 378 provided significantly lower LGS scores than the other observers and observer two scored 379 higher than all other observers (Raw LGS scores ± SE, One 0.65 ± 0.12, Two 0.95 ± 0.12,
380
Three 0.45 ± 0.12, Four 0.74 ± 0.12, 0.75 ± 0.12, P < 0.05).
382
Observers were reasonably consistent in their scoring of lamb faces overall and agreement
383
between observers was not due to chance. There was strong agreement among observers 384 when scoring Ear Posture, but low agreement when scoring Mouth Changes and Cheek
385
Flattening (Table 3b) . 
410
We identified five facial action units that were consistently altered by the pain of tail-docking.
411
Unweighted scores for those FAU were averaged to produce the LGS, scores that reflect the 412 degree to which facial expression changed. 
462
we are unable to determine how reliably observers scored different images of the same lamb.
464
We also investigated whether changes in the components of the LGS could be objectively 465 quantified using software that compares distances between facial markers in lambs before and 
499
In this design, restraint was also confounded with time, i.e. relative to the start of yarding 
519
Two out of nine docked lambs in Experiment II did not show other behavioural signs that 520 they were in pain. However, it has been observed previously that not all individuals display 521 overt or active behavioural signs of pain after docking (Petrie et al. 1995) and so this finding 522 is perhaps not surprising. These particular lambs may have been displaying a reactive coping 523 style to pain, which is characterized by immobility and passivity (Koolhaas et al. 1999 ). Their
524
LGS scores did not fall outside two standard deviations of the group means so they were not 
